Objective-To determine the outcome of out of hospital defibrillation in Scotland during the year after the introduction of automated external defibrinlators in October 1988.
Introduction
Although the feasibility of out of hospital defibrillation was first shown in 1967 in Belfast,' the widespread provision of this service elsewhere in the United Kingdom has been slow to develop. An early randomised study of prehospital coronary care suggesting no improvement in survival2 may have been responsible in part for the official decision in 19763 not to support this development. It is noteworthy that the scheme in question failed to achieve any survivors from prehospital cardiac arrest. Many successful schemes have, however, been developed elsewhere in the world4-6 and in the United Kingdom. 7 In one well organised scheme in Seattle, Washington, 1648 victims of out of hospital cardiac arrest were resuscitated and left hospital alive over a 13 year period. 8 The common feature of all successful programmes for out of hospital resuscitation has been the use of decentralised emergency services (fire, ambulance) to provide rapid response. Ambulancemen or paramedics have been trained to various levels of expertise in basic and advanced life support in such schemes. The Department of Health and Social Security in 19849 reversed its previous stance and authorised the extended training of ambulance crew in defibrillation, intubation, intravenous infusion, and drug therapy under the aegis of the National Health Service Training Authority.' 0 Until recently however, no additional resources were made available for this initiative, and the costs of extended training have resulted in the slow and piecemeal development of advanced prehospital resuscitation.
Analysis ofthe types ofpatients requiring prehospital treatment needing advanced skills has suggested that the lifesaving impact of defibrillation is likely to be substantially greater than that achieved by endotracheal intubation or 10% (31/317) in those with incomplete data, of which a greater percentage was unwitnessed. Significantly fewer shocks were delivered in survivors (median 2, range 1-12) than in non-survivors (3, (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Cardiopulmonary resuscitation was attempted by bystanders in 45% of the 519 cardiac arrests for which data were recorded. The overall survival rate was not significantly increased by bystander cardiopulmonary resuscitation, being 12% (28/232) when it was attempted and 10% (29/287) when it was not. Analysis of 237 witnessed cardiac arrests for which complete data on timing and attempted cardiopulmonary resuscitation were available suggested no benefit from resuscitation in the group defibrillated within five minutes, but there was a trend towards benefit in the group in which defibrillation was delayed (table III) . x-=0-77, df= 1, p=0-38
The median journey time from the site of resuscitation to the receiving hospital was 8 minutes (interquartile range 4-15, range 1-89) in survivors and 7 minutes (5-11, 0-75) in non-survivors. The percentage of resuscitation attempts performed less than five minutes' journey time from hospital was 33% for survivors and 23% for non-survivors.
Discussion
This is the first study to report on the widespread introduction of automated external defibrillators into an ambulance service. These devices have allowed very rapid introduction of out of hospital defibrillation and show that a substantial number of successful resuscitations can be achieved by a scheme in which the individual training requirement was as little as eight hours.
Although the provision of a full range of paramedical skills such as intubation and treatment with intravenous drugs and fluids in addition to defibrillation is regarded as the optimum in out of hospital resuscitation, it has not proved economically or operationally feasible in most communities to train all "first responders" to this level. The Seattle scheme initially comprised a first tier emergency medical technician trained in basic cardiopulmonary resuscitation and supported by a second tier of paramedics fully trained in advanced cardiac life support. 8 Even within that scheme it was shown that improved survival can be achieved if the first responder is able to defibrillate. '3 Other communities have adopted single tier systems in which the first responders have been trained in basic cardiopulmonary resuscitation and defibrillation but do not have paramedical skills. The addition of defibrillation to basic resuscitation skills increased annual survival from cardiac arrest in communities in rural Iowa from 1-4 to 8-3 per 100000. '4 Table IV compares the results of the present scheme with those of similar schemes.14-20 The overall proportion of patients in ventricular fibrillation and the survival rate after defibrillation in the present study are comparable The delay from cardiac arrest to defibrillation was the most important determinant of survival in this series, as in all previous studies. Similarly, the superior survival in witnessed cardiac arrests was not unexpected. The apparent failure of bystander cardiopulmonary resuscitation to improve outcome was surprising and disappointing: although it was attempted in 45% of cases, it seems to have been inadequate to influence survival, although a trend towards benefit was evident when defibrillation was delayed for more than five minutes. It is noteworthy that apart from one television series, which was not scheduled at peak viewing time, there has been little attempt at public education in cardiopulmonary resuscitation in
Scotland.
A previous theoretical study of the impact of paramedical skills on survival of patients transported by ambulance estimated that 250 successful resuscitations to hospital discharge might be achieved in Scotland each year.' The results of the present study indicate a survival rate of 75 patients during 5548 "defibrillator weeks." Once all ambulances are equipped, an annual total of 21 164 defibrillator weeks (407 x 52) will be available, leading to a projected 286 successful resuscitations a year, a figure consistent with the previous estimate. If it is assumed tnat out of hospital resuscitation will provide useful benefits only in people under 75 then the possible impact of resuscitation may be estimated. The annual report of the Registrar General for Scotland indicated a total of 7190 deaths in men and women from ischaemic heart disease in 1989 from a population of 4764692 aged under 75. 24 The effect of 286 successful resuscitations would thus be equivalent to a reduction of 6 Ot100 000 annually-a 4% reduction in deaths from ischaemic heart disease. Although this may seem a small figure, it has been estimated that resuscitation before the patient reaches hospital may contribute more to the decline in coronary mortality in the Western world than other established treatments, such as treatment of hypertension, coronary care units, and coronary artery bypass grafting.2s
In summary, this study indicates that a widespread scheme for prehospital defibrillation can be introduced in a matter of months without major training costs, provided that funds are available for buying automated external defibrillators. The results achieved are encouraging, and they are comparable to those of long established emergency care programmes.
We gratefully acknowledge the contribution of the British Heart Foundation in providing an initial donation of funds and in coordinating the public appeal. The generosity of the Scottish public allowed the target to be achieved with remarkable speed, but the results could not have been achieved without the enthusiasm of the trainers and ambulance crew of the Scottish Ambulance Service. We acknowledge the constructive comments of Dr R 0 Cummins on the manuscript.
